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Purpose: To evaluate whether the selective posterior cerebral artery amobarbital
test (PCAAT) can predict postoperative memory function in patients with temporal
lobe epilepsy (TLE) for surgical treatment and its clinical safety.
Methods: The database included adult patients with intractable TLE undergoing
presurgical evaluation at Taipei Veterans General Hospital between 1995 and
2002. The PCAATwas carried out on patients who had failed conventional intracarotid
amobarbital test (IAT) or had IAT results that evoked a concern of postoperative
memory function decline. A battery of learning and memory testing was performed
immediately before and after injection of amobarbital into the peduncular segment
of the posterior cerebral artery (PCA) on the presumed hemisphere of epileptogeni-Introduction
The intracarotid amobarbital test (IAT) evaluates
the cognitive functions of a unilateral cerebral* Corresponding author. Tel.: +886 2 2876 2890;
fax: +886 2 2875 7581.
E-mail address: djyen@vghtpe.gov.tw (D.-J. Yen).
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doi:10.1016/j.seizure.2005.12.001hemisphere through temporary anesthesia by injec-
tion of amobarbital into the internal carotid
arteries.1 Since its introduction by Wada in the
1950s, IAT has become the method of choice for
determinating cerebral language dominance.2—6 As
mesial temporal structures are directly implicated
in human memory function, IAT is almost routinely
carried out in patients with temporal lobe epilepsy. Published by Elsevier Ltd. All rights reserved.
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city. Neuropsychological assessments were followed in surgically treated patients.
Results: A total of 16 patients completed PCAATsuccessfully and underwent anterior
temporal lobectomy (ATL). Four patients failed PCAATangiographic procedures due to
technical difficulty in one patient, transient signs of vasospasm in two patients, and
subarachnoid hemorrhage in one patient.
Of the 12 patients who performed well in PCAAT learning andmemory testing items
by free recall or recognition, only 1 patient demonstrated postoperative memory
decline in follow-up neuropsychological assessments. In contrast, two of the four
patients with a deficit in PCAAT memory testing showed postoperative memory
decline. Regarding subjective memory function (not necessarily associated with
objective memory decline), patients not seizure-free after ATL were more likely
to have memory complaints (in 3 out of 6 patients) than patients with seizure-free
outcomes (in 1 out of 10 patients).
Conclusions: The PCAAT memory test reliably predicts postoperative memory func-
tion in patients with TLE for surgical treatment. However, the inherent risks of PCAAT
must be considered and it should be used judiciously.
# 2006 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.(TLE) planned for surgical treatments such as ante-
rior temporal lobectomy (ATL) or selective amyg-
dalo-hippocampectomy, to avoid postoperative
memory deficits.7,8 Some authorities believe IAT
can also predict surgical outcomes of ATL.9,10
The posterior cerebral artery amobarbital test
(PCAAT) and other selective procedures are thought
to be able to make more precisely the mesial tem-
poral lobe inactive.11—16 Jack et al.13,14 successfully
performed the PCAAT in 38 out of 45 TLE patients
with only 1 complication, and concluded that the
PCAAT was superior to conventional IAT in memory
assessment. Wieser et al.11 conducted the PCAATon
5 patients among a group of 40 patients with varied
selective amobarbital tests. More recently, Stabell
et al.16 confirmed again the value of PCAAT in pre-
surgical memory assessment of 32 TLE patients.
In this study, we performed selective PCAAT in
adult patients with intractable TLE who had failed
previous IAT angiographic procedures or had IAT
results with a concern of postoperative memory
decline. These results were used to evaluate the
effectiveness of this testing in predicting postopera-
tive memory function and its clinical safety.Methods
Patients
This prospective study enrolled adult patients with
intractable TLE who were admitted to the Epilepsy
Monitoring Unit at Taipei Veterans General Hospital
between January 1995 and December 2002. All had
been treated for >2 years with both old and new
antiepileptic drugs (AEDs). However, patients still
experienced an average of two or more complexpartial seizures with or without secondary general-
ization per month.
Two hundred and sixty-nine patients were eval-
uated by IAT and 20 cases were eligible for PCAAT
during the study period.
Presurgical evaluation
Presurgical evaluation of all patients consisted of
several days of continuous video-EEG monitoring
with scalp and sphenoid electrodes in the epilepsy
monitoring unit, brain magnetic resonance imaging,
single photon emission computed tomography, posi-
tron emission tomography, and neuropsychological
assessment. For intracranial recording, foramen
ovale electrodes and subdural electrodes were
implanted in patients who had ambiguous temporal
lobe onset.
The IAT was performed with injection of 80,
100, or 125 mg of amobarbital sodium (Amytal
sodium, Eli Lilly and Company, USA) in proportion
to body weight into the internal carotid artery (ICA)
ipsilateral to the presumed epileptogenicity. Speech
function andmemory testing of nonverbal and verbal
items were conducted in Mandarin dialect. After the
patient had completely recovered from amobarbital
anesthesia, the procedure was repeated with the
same dosage of amobarbital in the contralateral ICA.
PCAAT
The PCAAT was indicated in patients who: (1) had
failed IAT angiographic procedures or had acute
drug reactions which interfered with subsequent
memory testing; (2) completed the IAT, but had
inadequate memory performance (<50%) after
anesthesia of the presumed epileptogenic hemi-
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Figure 1 (A) A catheter (long arrow) in the left (rela-
tively larger) vertebral artery with contrast media injec-
tion to map the posterior circulation; right vertebral
artery (short arrow). (B) A Tracker catheter (arrow) in
peduncular segment of the right posterior cerebral artery
(PCA) with contrast media injection showing the right PCA
in the same patient.sphere as compared with the baseline data; (3)
other specific functional considerations.
The PCAATangiographic procedures followed that
reported by Jack et al.13,14 A 5-F catheter (JB2, Cook
Company, USA) was introduced transfemorally until
it reached one of the larger or less tortuous verteb-
ral arteries and with its tip at the C2 or C3 level
(Fig. 1A). Then, a 1.8 F Tracker catheter (Target,
Boston Scientific Company, USA) was introduced
coaxially to pass the basilar artery till its tip was
in the peduncular segment of the posterior cerebral
artery (PCA). A non-ionic contrast agent was
injected manually to map the PCA and confirm
accurate placement of the catheter tip (Fig. 1B).
Before the injection of amobarbital (20—40 mg)
into the PCA, the patient was presented with a first
set of three ‘‘figural’’ objects (nonverbal items) and
three unrelated Chinese words (verbal items) all
printed on cards. The patient demonstrated that
he/she had remembered all the items. Immediately
after injection, there was contralateral hemianop-
sia and hemisensory impairment, lasting for
approximately 3—5 min. We used hemisensory
impairment as a guideline of amobarbital effect
in this study. When impairment to pinprick was
confirmed, the patient was asked to freely recall
the first set of nonverbal and verbal items, followed
by recognition of items that were not freely recalled
(retrograde memory or retrieval function). During
recognition testing, we usually included two items
that were not previously presented to exclude the
possibility that the patients might attain a passing
score by guessing. Subsequently, a second set of
another three objects and three Chinese characters
was carefully presented to the patient in the pre-
served visual field. When pinprick sensation was
fully recovered, the second set of testing items
was performed in similar manner (antegrade mem-
ory or acquisition function).
The PCAATwas carried out exclusively ipsilateral
to the presumed surgical hemisphere in each patient.
All patients were intravenously heparinized (5000
USP units) 1 h before the procedure. Equipment for
endotracheal intubation and ventilation support was
in the angiographic room. The patients were famil-
iarizedwith the procedures on the day prior to PCAAT
using a similar version from the real test to minimize
anxiety. In addition, there was no withdrawal of pre-
existing AEDs when PCAAT was performed. All
patients signed an informed consent form.
Anterior temporal lobectomy
Selection for ATL was based on congruence of data in
presurgical evaluation. Standard ATL with tailored
resection was performed under general anesthesiaguided by intra-operative electrocorticography and
recording from depth electrodes aimed freehand at
the amygdala and hippocampus. Resected specimens
from all patients were sent for pathologic analysis.
Postoperative follow-up
Patients were followed at the outpatient seizure
clinic 2—4 weeks postoperatively. A 2-year seizure-
120 D.-J. Yen et al.free outcome leads to a gradual tapering of AEDs.
Postoperative neuropsychological assessments
including Wechsler Adult Intelligence Scales-revised
version (WAIS-R) were performed for patients with
ATL done before 2002.17 The Digit Span subtest was
used as a measure of short-term memory function in
this group of patients. For patients undergoing ATL
after 2002, Word Lists Test and Complex Figure
Test18,19 were used instead of WAIS-R. The data
was then transferred into scale scores with a mean
score of 10 and standard deviation (S.D.) of 3.
Results of postoperative neuropsychological assess-
ment were compared to those performed before
surgery. A decrease of scale score of 2 (0.5S.D.)
after ATL was defined as a significant memory
decline in this study.Results
In all, 20 patients with intractable TLE were evalu-
atedby thePCAAT.Theywere12males and8 females,
aged 21—46 years (mean 31.0) and with a seizure
history of 2—38 years (mean 15.9) (Table 1).
Indications of PCAAT in the patients are shown in
Table 1. Most patients had failed previous conven-
tional IAT or had IAT results which evoked a concern
of postoperative memory function decline. These
included inadequate unilateral memory perfor-
mance (<50%) in 10 patients, disinhibition reactionsTable 1 General data on temporal lobe epilepsy patients
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Patient no. Age/sex Seizure (years) Dominanc
1 35/M 12 Lt
2 26/M 5 Lt
3 21/M 10 Lt
4 33/F 19 Lt
5 23/M 13 Lt
6 46/F 38 Rt
7 34/M 10 Lt
8 33/M 9 Lt
9 27/F 14 Lt
10 24/M 2 Lt
11 38/M 13 Lt
12 38/F 29 Lt
13 25/F 24 Lt
14 24/F 17 Lt
15 22/M 6 Lt
16 29/F 14 Bil
17 43/M 32 Lt
18 24/M 6 Lt
19 37/M 22 Lt
20 38/F 24 Lt
Dominance, speech dominance hemisphere; PCAAT, selective poster
memory performance; ATL, anterior temporal lobectomy; MTS, mein 4 patients, prolonged acute confusion in 3
patients, low verbal memory in 2 patients, and
impaired calculation in 1 patient.
Four patients failed or experienced complica-
tions during angiographic procedures and were
therefore excluded from the analysis. Patient #19
had too tortuous vertebral arteries to pass the
Tracker catheter. Two patients (#17 and #20) com-
plained of severe headache and nausea while cathe-
terizing the PCA. Patient #17 also complained of
diplopia although extra-ocular movement was free.
In both patients, the symptoms subsided after
removal of the catheter and intravenous fluid sup-
plement. Patient #18 complained of a severe head-
ache followed by conscious disturbance. A
subsequent computed tomography of the head
demonstrated diffuse subarachnoid hemorrhage.
He recovered well after conservative treatment
with the exception of a truncal ataxia that persisted
for months.
Of the 16 patients who completed the PCAATand
subsequently underwent ATL, 12 patients were
operated on the left hemisphere and 4 were on
the right. Pathology diagnosis revealed mesial tem-
poral sclerosis in 14 patients, old contusion in 1
patient, and cavernous hemangioma in 1 patient.
Postoperative seizure outcomes were promising: 10
were seizure-free (Engel’s Classification IA), 5 had
‘‘rare disabling seizures’’, and 1 had ‘‘worthwhile
improvement’’.20who had undergone selective posterior cerebral artery
e PCAAT indication ATL Pathology
Disinhibition Rt Old contusion
Inadequate memory Lt MTS
Low verbal memory Rt MTS
Inadequate memory Lt MTS
Inadequate memory Lt MTS
Low verbal memory Lt MTS
Inadequate memory Lt MTS
Inadequate memory Lt MTS
Disinhibition Lt MTS
Acute confusion Lt MTS
Inadequate memory Lt Hemangioma
Acute confusion Lt MTS
Inadequate memory Lt MTS
Inadequate memory Rt MTS






ior cerebral artery amobarbital test; Inadequate memory, <50%
sial temporal sclerosis; Rt, right; Lt, left; Bil, bilateral.
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PCAAT memory testing Memory
complaint

























2 30 (2,1,0) (1,2,0) 5 4 9 Yes 6/8/2 42 II
(1,2,0) (1,2,0) 4 4 8
17
3 30 (2,1,0) (2,1,0) 5 5 10 Nil 10/10/0 3 IA
(3,0,0) (1,2,0) 6 4 10
20
4 40 (3,0,0) (3,0,0) 6 6 12 Nil 9/11/2 50 IA
(3,0,0) (2,1,0) 6 5 11
23
5 30 (0,2,1) (0,0,3) 2 0 2 Nil 10/8/2 15 IA
(0,0,3) (0,0,3) 0 0 0
2
6 20 (3,0,0) (2,1,0) 6 5 11 Nil 10/8/2 8 IA
(3,0,0) (1,0,2) 6 2 8
19
7 30 (2,1,0) (1,1,1) 5 3 8 Yes 5/6/1 41 II
(2,1,0) (0,2,1) 5 2 7
15
8 30 (3,0,0) (3,0,0) 6 6 12 Nil 12/11/1 40 IA
(3,0,0) (3,0,0) 6 6 12
24
9 20 (3,0,0) (3,0,0) 6 6 12 Nil 10/6/4 28 II
(3,0,0) (3,0,0) 6 6 12
24
10 30 (3,0,0) (3,0,0) 6 6 12 Yes 11/14/3 38 IA
(3,0,0) (3,0,0) 6 6 12
24
11 25 (3,0,0) (3,0,0) 6 6 12 Nil 7/11/4 4 II
(2,1,0) (3,0,0) 5 6 11
23
12 20 (2,1,0) (3,0,0) 5 6 11 Yes 11/12/1 5 III
(3,0,0) (3,0,0) 6 6 12
23
13 25 (1,2,0) (1,2,0) 4 4 8 Nil 13/ND IA
(1,2,0) (2,1,0) 4 5 9
17
WLT RCFT
14 25 (3,0,0) (3,0,0) 6 6 12 Nil 8/12/4 6/12/6 8 II
(3,0,0) (3,0,0) 6 6 12
24
15 25 (3,0,0) (3,0,0) 6 6 12 Nil 1/8/7 6/12/6 5 IA
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PCAAT memory testing Memory
complaint














(3,0,0) (3,0,0) 6 6 12
24
16 25 (3,0,0) (3,0,0) 6 6 12 Nil 3/8/5 3/2/1 6 IA
(3,0,0) (3,0,0) 6 6 12
24
Digit Span pre-op/post-op/change, preoperative/postoperative/postoperative score minus preoperative score; ND, postoperative
testing not done; PCAAT, selective posterior cerebral artery amobarbital test; NV, nonverbal items; V, verbal items; WLT, Word Lists
Test; RCFT, Ray Complex Figure Test; Interval, interval in months between operation and neuropsychological testing. Bold values
represent the total of retro- and antegrades.
a (a,b,c): a, number of items freely recalled; b, items recognized; c, items missed; scores = 2a + b.Table 2 demonstrates results of the PCAAT mem-
ory testing and postoperative neuropsychological
follow-up. Except for 2 patients (#1 and #13) who
refused further neuropsychological testing, 11
patients were followed with WAIS-R and 3 patients
with Word Lists Test and Complex Figure Test. The
intervals between ATL and postoperative neuropsy-
chological testing in the patients are shown in
Table 2. Of the 12 patients (#2—4 and #8—16) who
remembered all items in retro- and antegrade mem-
ory testing, only 1 patient (#9) showed significant
postoperative decline in Digit Span. Both Word Lists
Test and Complex Figure Test appeared improved for
patients #14 and #15. Patient #16 had improved
Word Lists Test but a not significant change in
Complex Figure Test. In contrast, two (#5 and #6)
out of the four patients (#1 and #5—7) with one or
more items missed in the testing showed significant
postoperative decline of Digit Span.
For quantitative comparison, we assigned numer-
ical values to the memory testing and added weight
to the free recall.13,14 The number of items freely
recalled in PCAAT memory testing was arbitrarily
multiplied by 2, the number recalled after recogni-
tion was multiplied by 1, and the number missed was
multiplied by 0 (Table 2). Of the 10 patients with
either a full score at 24 or between 20 and 23 (>80%)
in the memory testing, only 1 patient (#9) had
significant postoperative Digit Span decline. In con-
trast, one (#6) of the five patients (#1, #2, #6, #7,
and #13) with a score between 12 and 19 (50—80%)
had a decline in Digit Span. Patient (#5) with a<50%
testing score (<12) unsurprisingly showed post-
operative Digit Span decline.
It is interesting to find that postoperative mem-
ory complaints correlated better to poor surgical
outcomes rather than decline of neuropsychologi-
cal testing. All of the four patients (#2, #7, #10, and
#12) who had postoperative memory complaintsdid not have an accompanying decline in post-
operative neuropsychological follow-up. Post-
operative memory complaints occurred in only 1
(#10) out of 10 patients (10%) who were seizure-
free, versus 3 out of 6 patients (50%) who were not
seizure-free.
Regarding hemispheric influence on postopera-
tive memory function, all of the four patients with
subjective complaints and two out of three patients
with significant Digit Span decline had epileptogenic
foci in the language-dominant hemisphere. How-
ever, this might not be significant because the
majority of the patients were operated on the
language-dominant hemisphere.
Discussion
We have demonstrated that the PCAAT is valuable in
predicting postoperative memory function in
intractable TLE patients undergoing presurgical
evaluation. Significant postoperative memory defi-
cit occurred in only 1 out of 12 patients (8.3%) who
could remember all memory testing items and 1 in
10 patients (10.0%) with a full or >80% testing
scores. In contrast, two of the four patients who
missed one or more items or two out of the six
patients with a <80% memory score showed objec-
tive postoperative memory decline. These findings
are consistent with that of Jack et al.13,14 and Sta-
bell et al.16 In 13 patients successfully treated
surgically, they found a positive correlation
between PCAAT memory testing and postoperative
Auditory—Verbal Learning Test, using two sets of 15
words in two steps: short-term and half an hour free
and recognition recall.13,14 In the series of Stabell
et al.,16 none of the 19 patients who had passed
PCAAT memory assessment and proceeded to sur-
gery showed postoperative memory impairment.
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explain why PCAAT is superior to IAT in presurgical
memory testing for patients with TLE undergoing
anterior temporal lobectomy or selective amygdalo-
hippocampectomy.13,14 Most of the mesial temporal
lobe including the hippocampus is thought to be
essential in global memory processing and is sup-
plied by the PCA, not the ICA.14 An exclusive PCA
anesthesia avoids unwanted ICA anesthesia effects
that could decrease reliability of subsequent mem-
ory testing, including initial confusion, inattention
and disorientation, or aphasia if the dominant hemi-
sphere is involved.14 Though PCAAT simultaneously
anesthetizes the thalamus causing hemianopsia and
hemisensory impairment, both seldom interfere
with memory testing if the testing items are prop-
erly presented in the preserved visual field. We
regarded hemisensory impairment a good guideline
of effective PCA anesthesia in this study.
We were more careful in selecting patients for
PCAAT based on the consideration of angiographic-
related complications.11,13,14 Only less than 10% of
intractable TLE patients entering presurgical eva-
luation and IAT during the study period were eligible
for PCAAT. Our indications included failure of IATand
inadequate memory performance in the IAT which
appear reasonable and are easily accepted by the
patients or their families. Jack et al.13,14 performed
PCAAT routinely in their patients who had omitted
IAT and used dichotic listening testing for hemi-
spheric dominance determination. They had an
overall success rate of 84.4% (38 out of 45 patients)
on PCAAT with only one patient suffering from a
complication of slowly resolving hemiplegia.
Stabell et al.16 reported 2 among 32 patients
(6.25%) having signs of vasospasm during PCA cathe-
terization but none of their patients had serious com-
plications. In this study, PCAAT angiographic
procedures were accomplished successfully in 16
patients (80%). Our complication rate was higher,
occurringinthreepatients(15%).Twopatientsshowed
transient signs of vasospasm while catheterizing the
PCA and one patient had a serious complication of
subarachnoid hemorrhage related to oversystemic
heparinization. Fortunately, none of the three
patients had permanent neurological sequelae.
In this study, postoperative memory complaints
were found to correlate well with surgical outcomes.
Patients who are not seizure-free exhibited a five-
fold increase in postoperative memory complaints
(not necessarily associated with objective memory
deficit) compared to seizure-free patients. Besides
psychiatric factors which are directly related to the
occurrence of seizures, side effects of AEDsmust also
be considered because patients who are not seizure-
free usually have to maintain relatively large dose ofAEDs postoperatively. The finding that all of the
patients with postoperative memory complaints
and two out of three patients with postoperative
Digit Span decline having epileptogenic foci in the
language-dominant hemisphere are consistent with
previous reports, though probably not be signifi-
cant.14,21Whetherpathologyplays adetrimental role
on postoperative memory function is not clear from
this study because the majority of patients have
mesial temporal sclerosis.
Several potential shortcomings of PCAAT must be
kept inmind when selecting patients for this test and
interpreting the data. First, only abbreviated mem-
ory testing can be carried out within a short period of
amobarbital anesthesia. Second, whether the two
sets of three figures and three words are optimal
for antegrade and retrograde memory testing
deserve further investigation. Third, there are inher-
ent risks related to angiographic procedures, like
catheterization and injection of contrast media.
Fourth, there is intermittent shortage of amobarbital
supply from the manufacturer. Fifth, though Digit
Span from Wechsler tests is generally believed to
evaluate short-term or primary memory capacity,
its use as the sole objective measure of memory
function might be oversimplifying it.17 Finally, mem-
ory testing models utilizing non-invasive functional
magnetic resonance imaging or positron emission
tomography are being investigated now and could
probably replace IATor PCAAT in the near future.22—24
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